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(54) Method of reducing generation of particulate matter in a sputtering chamber 



(57) An RF coil for a plasma chamber (100) in a 
semiconductor fabrication system is conditioned to re- 
duce shedding of particulate matter onto the workpiece. 
In the illustrated embodiments, the coil (104) is sput- 



tered prior to sputtering the target so as to remove ox- 
ides and other contaminants from the surface of the coil. 
As a result, shedding of particulate matter from target 
material subsequently deposited onto the coil is re- 
duced. 
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Description 

The present invention relates to plasma generators, 
and more particularly, to a method and apparatus for 
generating a plasma to sputter deposit a layer of mate- 
rial in the fabrication of semiconductor devices. 

Low pressure radio frequency (RF) generated plas- 
mas have become convenient sources of energetic ions 
and activated atoms which can be employed in a variety 
of semiconductor device fabrication processes includ- 
ing surface treatments, depositions, and etching proc- 
esses. For example, to deposit materials onto a semi- 
conductor wafer using a sputter deposition process, a 
plasma is produced in the vicinity of a sputter target ma- 
terial which is negatively biased. Ions created adjacent 
the target impact the surface of the target to dislodge, i. 
e., "sputter" material from the target. The sputtered ma- 
terials are then transported and deposited on the sur- 
face of the semiconductor wafer. 

Sputtered material has a tendency to travel in 
straight line paths, from the target to the substrate being 
deposited, at angles which are oblique to the surlace of 
the substrate. As a consequence, materials deposited 
in etched trenches and holes of semiconductor devices 
having trenches or holes with a high depth to width as- 
pect ratio, can bridge over causing undesirable cavities 
in the deposition layer. To prevent such cavities, the 
sputtered material can be redirected into substantially 
vertical paths between the target and the substrate by 
negatively biasing the substrate and positioning appro- 
priate vertically oriented electric fields adjacent the sub- 
strate if the sputtered material is sufficiently ionized by 
the plasma. However, material sputtered by a low den- 
sity plasma often has an ionization degree of less than 
1% which is usually insufficient to avoid the formation of 
an excessive number of cavities. Accordingly, it is de- 
sirable to increase the density of the plasma to increase 
the ionization rate of the sputtered material in order to 
decrease the formation of unwanted cavities in the dep- 
osition layer. As used herein, the term 'dense plasma" 
is intended to refer to one that has a high electron and 
ion density. 

There are several known techniques for exciting a 
plasma with RF fields including capacitive coupling, in- 
ductive coupling and wave heating. In a standard induc- 
tively coupled plasma (I CP) generator, RF current pass- 
ing through a coil surrounding the plasma induces elec- 
tromagnetic currents in the plasma. These currents heat 
the conducting plasma by ohmic heating, so that it is 
sustained in steady state. As shown in U.S. Pat. No. 
4,362,632, for example, current through a coil is sup- 
plied by an RF generator coupled to the coil through an 
impedance matching network, such that the coil acts as 
the first windings of a transformer. The plasma acts as 
a single turn second winding of a transformer. 

In order to maximize the energy being coupled from 
the coil to the plasma, it is desirable to position the coil 
as close as possible to the plasma itself. At the same 
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time, however, it is also desirable to minimize the gen- 
eration of particles being shed from interior surfaces. 
These particles shed from interior surfaces can fall on 
the wafer itself and contaminate the product. According- 
s ly, many sputtering chambers have a generally annular- 
shaped shield enclosing the plasma generation area be- 
tween the target and the pedestal supporting the wafer. 
The shield provides a smooth gently curved surlace 
which is relatively easy to clean and protects the interior 
io of the vacuum chamber from being deposited with the 
sputtering material. In contrast, it is believed that a coil 
and any supporting structure for the coil generally have 
relatively sharply curved surfaces from which it would 
be more difficult to clean away materials deposited from 
15 the coil and its supporting structures. In addition, it is 
believed that the smooth gently curved surface of the 
shield would lend to shed fewer particles than the sharp- 
ly curved surfaces of the coil and its supporting struc- 
ture. 

Thus, on the one hand, it would be desirable to 
place the coil outside the shield (as described in EP-A- 
0774886 for 'Method and Apparatus for Launching a 
Helicon Wave in a Plasma" which is incorporated herein 
by reference) so that the coil is shielded from the mate- 
rial being deposited. Such an arrangement would mini- 
mize generation of particles by the coil and its support- 
ing structure and would facilitate cleaning of the cham- 
ber. On the other hand, it is desirable to place the coil 
as close as possible to the plasma generation area in- 
side the shield, to avoid any attenuation by the spacing 
from the plasma or by the shield itself, and thereby to 
maximize energy transfer from the coil to the plasma. 
Accordingly, it has been difficult to increase energy 
transfer from the coil to the plasma while at the same 
time minimizing particle generation. 

It is an object of the present invention to provide an 
improved method and apparatus for generating a plas- 
ma within a chamber and for sputter depositing a layer 
which obviate, for practical purposes, the above-men- 
tioned limitations. 

These and other objects and advantages are 
achieved by, in accordance with one aspect of the in- 
vention, a plasma generating apparatus which induc- 
tively couples electromagnetic energy from a coil which 
is treated to remove contaminants prior to commence- 
ment of any substantial sputter deposition from the tar- 
get. Such a treatment has been found to minimize shed- 
ding of particles of deposition material' from the coil 
which has been deposited on the coil from the target. 
As a consequence, contamination of the workpiece by 
particulate matter shed by the coil may be reduced. 

In a preferred embodiment, an apparatus for ener- 
gizing a plasma within a semiconductor fabrication sys- 
tem to sputter material onto a workpiece may include a 
semiconductor fabrication chamber having a plasma 
generation area within the chamber, and a coil carried 
by the chamber and positioned to couple energy into the 
plasma generation area, in which the coil is first sput- 
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tered with little or no sputtering from the target. This in- 
itial sputtering of the coil is believed to remove oxides 
and other contaminants which can interfere with strong 
bonding between the surface of the coil and material 
which is subsequently deposited onto the coil as mate- 
rial is sputtered from the target onto the workpiece. 

The following is a description of some specific em- 
bodiments of the invention, reference being made to the 
accompanying drawings, in which: 

Fig. 1 is a perspective, partial cross-sectional view 
of a plasma generating chamber in accordance with 
an embodiment of the present invention. 
Fig. 2 is a partial cross-sectional view of the plasma 
generating chamber of Fig. 1 shown installed in a 
vacuum chamber. 

Fig. 3 is a schematic diagram of the electrical inter- 
connections to the plasma generating chambers of 
Figs. 1-2. 

Fig. 4 is a chart depicting a process for conditioning 
the coil of the chamber of Fig. 1 . 

Referring first to Figs. 1-3, a plasma generator in 
accordance with an embodiment of the present inven- 
tion comprises a substantially cylindrical plasma cham- 
ber 100 which is received in a vacuum chamber 102 
(Fig. 2). The plasma chamber 100 of this embodiment 
has a single helical coil 104 which is carried internally 
of the vacuum chamber walls 1 08 (Fig. 2) by a chamber 
shield 106. The chamber shield 106 protects the interior 
walls 108 (Fig. 2) of the vacuum chamber 102 from the 
material being deposited within the interior of the plasma 
chamber 100. 

Radio frequency (RF) energy from an RF generator 
300 (Fig. 3) is radiated trom the coil 104 into the interior 
of the plasma chamber 100, which energizes a plasma 
within the plasma chamber 100. An ion flux strikes a 
negatively biased target 110 positioned above the plas- 
ma chamber 100. The plasma ions eject material from 
the target 1 1 0 onto a substrate 1 1 2 wh ich may be a wafer 
or other workpiece supported by a pedestal 114 at the 
bottom of the plasma chamber 100. A rotating magnet 
assembly 116 provided above the target 110 produces 
magnetic fields which sweep over the face of the target 
1 10 to promote uniform erosion by sputtering of the tar- 
get 110. 

As will be explained in greater detail below, in ac- 
cordance with one aspect of the present invention, the 
coil 104 is preferably conditioned prior to any sputtering 
of target material onto the substrate 112 by first sputter- 
ing the coil 1 04 itself to remove any oxides or other con- 
taminants from the coil 104. Such contaminants have 
been found to promote the shedding of particulate mat- 
ter from the coils. By removing these contaminants prior 
to sputtering the target 110, any material which subse- 
quently is deposited onto the coil 104 from the target 
110 tends to bond sufficiently well to the coil 104 so as 
to substantially reduce or eliminate the shedding of par- 



ticles from the coil 104. As a consequence, contamina- 
tion of the substrate 112 by particulate matter shed by 
the coil 104 may be reduced during each subsequent 
sputtering of the target. 
s Fig. 3 is a schematic representation of the electrical 
connections of the plasma generating apparatus of this 
illustrated embodiment. To sputter target material onto 
the substrate 112 after the coil 104 has been properly 
conditioned, the target 110 is preferably negatively bi- 
10 ased by a variable DC power source 302 to attract the 
ions generated by the plasma. In the same manner, the 
pedestal 1 1 4 may be negatively biased by a variable DC 
power source 304 to bias the substrate 112 negatively 
to attract the ionized deposition material to the substrate 
75 112. In an alternative embodiment, the pedestal 114 
may be biased by a high frequency RF power source to 
bias the substrate 112 so as to attract the ionized dep- 
osition material more uniformly to the substrate 112. In 
yet another alternative embodiment, as set forth in co- 
pending US application Serial No. 08/677,588, entitled 
"A Method For Providing Full-face High Density Plasma 
Physical Vapor Deposition," filed July 9, 1996 (Attorney 
Docket # 1402/PVD/DV) and assigned to the assignee 
of the present application, which application is incorpo- 
rated herein by reference in its entirety, an external bi- 
asing of the substrate 112 may be omitted. 

One end of the coil 104 is coupled to an RF source 
such as the output of an amplifier and matching network 
306, the input of which is coupled to the RF generator 
300. The other end of the coil 104 is coupled to ground, 
preferably through a capacitor 308, which may be a var- 
iable capacitor. 

Fig. 2 shows the plasma chamber 100 installed in 
the vacuum chamber 1 02 of a physical vapor deposition 
(PVD) system. Although the plasma generator of the 
present invention is described in connection with a PVD 
system for illustration purposes, it should be appreciat- 
ed that a plasma generator in accordance with the 
present invention is suitable for use with other semicon- 
ductor fabrication processes utilizing a plasma, includ- 
ing plasma etch, chemical vapor deposition (CVD) and 
various surface treatment processes. 

The coil 104 is carried on the chamber shield 106 
by a plurality of coil standoffs 1 20 (Fig. 1 ) which electri- 
cally insulate the coil 104 from the supporting chamber 
shield 106. In addition, the insulating coil standoffs 120 
have an internal labyrinth structure which permits re- 
peated deposition of conductive materials from the tar- 
get 110 onto the coil standoffs 120 while preventing the 
formation of a complete conducting path of deposited 
material from the coil 104 to the chamber shield 106. 
Such a completed conducting path is undesirable be- 
cause it could short the coil 104 to the chamber shield 
106 (which is typically grounded). 

RF power is applied to the coil 1 04 by feedthrough 
bolts 122 (Fig. 2) which are supported by insulating 
feedthrough standoffs 124. An example of suitable 
standoffs is described more fully in copending US appli- 
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cation No. 08/647, 1 82, entitled "Recessed Coil For Gen- 
erating a Plasma," filed May 9, 1 996 (Attorney Docket # 
1186/PVD/DV) and assigned to the assignee of the 
present application, which application is incorporated 
herein by reference in its entirety. As described therein, 
the feedthrough standoffs 124, like the coil support 
standoffs 120, permit repeated Reposition of conductive 
material from the target onto the feedthrough standoff 
124 without the formation of a conducting path which 
could short the coil 104 to the chamber shield 106. As 
shown in Fig. 2, the coil feedthrough standoff 124, like 
the coil support standoff 120, has an internal labyrinth 
structure to prevent the formation of a short between the 
coil 1 04 and the wall 1 26 of the shield. The feedthrough 
122 is coupled to the RF generator 300 (shown sche- 
matically in Fig. 3) through the matching network 306 
(also shown schematically in Fig. 3). 

As set forth above, the RF power radiated by the 
coil 104 energizes the plasma in the chamber to ionize 
the target material being sputtered from the target 110. 
The ionized sputtered target material is in turn attracted 
to the substrate 112 which is at a negative (DC or RF) 
potential to attract the ionized deposition material to the 
substrate 112. Unfortunately, the target material has a 
tendency to deposit not only on the substrate 11 2 but on 
every other exposed surface in the chamber. This can 
be a particular problem for material depositing on RF 
coils which, because of the relatively sharply curved sur- 
faces, have a tendency to shed particles of the material 
deposited onto the surface of the substrate 112 which 
can contaminate the substrate. 

In accordance with one aspect of the present inven- 
tion, it has been found that by conditioning the coil 104 
prior to sputtering the target 110, the problem of partic- 
ulate matter being shed by the coil 104 can be substan- 
tially reduced or eliminated even though substantial 
amounts of target material are subsequently deposited 
on the coil 104 during normal deposition of target mate- 
rial onto the substrate. More specifically, it has been 
found that by applying RF power to the coil 1 04 (but little 
or no DC power to the target 110) when a new (or recy- 
cled) coil 104 is first. installed into the chamber, the coil 
1 04 can itself be sputtered to eliminate oxides and other 
contaminants from the surface of the coil. It is believed 
that subsequent depositions of target material onto the 
coil 104 during normal depositions tend to bond more 
effectively to the coil 1 04 than if such conditioning of the 
coil 104 is not performed prior to the commencement of 
sputtering of the target, As a consequence, it has been 
found that the shedding of particulate matter by the coil 
104 can be substantially reduced or eliminated. 

Figure 4 charts the steps of a typical conditioning 
process following the installation of a new coil 104. It is 
believed that this conditioning of the coil 104 may be 
needed only once just prior to its initial use to energize 
a plasma to ionize deposition material sputtered from a 
target. However, in some applications, subsequent re- 
conditioning of the coil 104 may be necessary, depend- 



ing upon the process conditions. For example, if the coil 
104 is not used for a significant length of time or is ex- 
posed to ambient air, permitting oxides to regrow on the 
surface of the coil 1 04, a repeat of the conditioning proc- 
s ess may be appropriate. Also, after the coil 104 has 
been removed for cleaning and recycling, it should be 
conditioned again as described herein prior to the initial 
use for ionization of deposition material. 

The first step (indicated as step 1 in Fig. 4) is to in- 
10 troduce the flow of the plasma precursor gas (preferably 
argon) into the chamber which is initially at a high vac- 
uum. In the illustrated embodiment, argon is directed in- 
to the chamber at a rate of 62 scc/min. (standard cubic 
centimeters per minute). At the same time, a cryogenic 
75 pump coupled to the chamber by a gate valve is active 
so as to pump gas from the chamber through the gate 
valve which is placed at the "mid" position. Once the 
pressure stabilizes, the process is ready to proceed to 
step °2." In a typical chamber, it is anticipated that a max- 
imum of 1 8 seconds will be necessary for the pressure 
to stabilize. 

Once the 18 second period has expired, the proc- 
ess proceeds to step 2 in which RF power is applied to 
the coil 104 to a level of 1500 watts. To reduce strain on 
the components, the RF power is preferably increased 
gradually over a one second period so as to ramp up 
from the zero level to the full 1500 watt level. The RF 
power applied to the coil 104 is radiated by the coil into 
the chamber which ionizes the argon gas to produce a 
plasma of ionized argon and free electrons. The posi- 
tively charged argon ions are attracted to the coil 104 
and therefore are caused to impact the coil which sput- 
ters the surface of the coil. As a result, contaminants 
such as oxide on the surface of the coil 104 are sput- 
tered off of the coil until the coil surface is substantially 
free of contaminants. In the illustrated embodiment, the 
RF power is applied to the coil for a period of 30 sec- 
onds. It is anticipated that the coil 104 can be sputtered 
free or substantially free of contaminants within this pe- 
riod. Since the sputtered contaminants can in turn con- 
taminate a substrate, it is preferred to place a dummy 
substrate in the chamber to cover the pedestal so that 
a valuable workpiece is not spoiled by the conditioning 
process. 

During step 2, it is preferred that little or no DC pow- 
er be applied to the target 1 1 0 so as to avoid or minimize 
sputtering of the target 110. In the illustrated embodi- 
ment, a relatively small amount (approximately 100 
watts) of DC power is applied to the target 110 to facili- 
tate stabilization of the plasma in the chamber. 
Sputtering of the target 110 while the coil 104 is being 
sputtered for conditioning is undesirable because target 
material sputtered from the target can deposit on the coil 
104 and thereby interfere with the sputtering of contam- 
inants from the coil 104. However, 100 watts of DC pow- 
er applied to the target 11 0 is believed to produce a rel- 
atively small amount (if any) of sputtering of the target 
1 1 0 such that any target material deposited onto the coil 
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104 is quickly resputtered off the coil 104. As a conse- 
quence, the net effect is that the surface of the coil 104 
is sputtered free of contaminants notwithstanding any 
deposition material being sputtered onto the coil 104 
from the target 110. Thus, the DC power to the target 
preferably should not exceed 500 watts during coil con- 
ditioning. 

After 30 seconds, the conditioning of the coil 104 is 
complete and the RF power to the coil 104 and the DC 
power to the target 1 1 0 may be ramped down to zero as 
indicated in step 3A. In addition, the gate valve may be 
opened to its fully open position and the inflow of argon 
gas cut off so as to permit pumping out of the chamber. 
A cleaning cycle may then be initiated to ready the 
chamber for the first sputter deposition of target material 
onto an actual substrate. Alternatively, in some applica- 
tions, the first actual substrate may be inserted into the 
chamber (step 3B) immediately following the completion 
of the coil condition step (step 2) for deposition of sput- 
tered target material. 

As best seen in Fig. 2, the plasma chamber 100 of 
this embodiment has a dark space shield ring 1 30 which 
provides a ground plane with respect to the target 110 
above, which is negatively biased. An example of a suit- 
able shield ring is explained in greater detail in the afore- 
mentioned copending application Serial No. 
08/647,182. As set forth therein, the shield ring 130 
shields the outer edges of the target from the plasma to 
reduce sputtering of the target outer edges. The dark 
space shield 130 performs yet another function in that 
it is positioned to shield the coil 1 04 (and the coil support 
standoffs 120 and feedthrough standoffs 124) from the 
material being sputtered from the target 110. 

In this illustrated embodiment, the dark space shield 
1 30 is a closed continuous ring of (diamagnetic) titanium 
or (non-ferromagnetic) stainless steel or (non-magnetic 
nickel) having a generally inverted frusto-conical shape. 
The dark space shield extends inward toward the center 
of plasma chamber 1 00 so as to overlap the coil 1 04 by 
a distance d of 1/4 inch. It is recognized, of course, that 
the amount of overlap can be varied depending upon 
the relative size and placement of the coil 104 and other 
factors. For example, the overlap may be increased to 
increase the shielding of the coil 104 from the sputtered 
material, but increasing the overlap could also further 
shield the target 110 from the plasma which may be un- 
desirable in some applications. 

The chamber shield 106 is generally bowl-shaped 
and includes a generally cylindrically shaped, vertically 
oriented wall 140 to which the standoffs 120 and 124 
are attached to insulatively support the coil 104. The 
shield further has a generally annular-shaped floor wall 
142 which surrounds the chuck or pedestal 114 which 
supports the substrate 112 which has an 8" diameter in 
the illustrated embodiment. A clamp ring 1 54 clamps the 
wafer to the chuck 1 1 4 and covers the gap between the 
floor wall 142 of the chamber shield 106 and the chuck 
114. Thus, it is apparent from Fig. 2 that the chamber 



shield 106 together with the clamp ring 154 protects the 
interior of the vacuum chamber 102 from the deposition 
materials being deposited on the substrate 112 in the 
plasma chamber 100. As described more fully in the 

5 aforementioned US application, Serial No. 08/677,586, 
entitled "A Method For Providing Full-face High Density 
Plasma Physical Vapor Deposition, 0 filed July 9, 1996 
(Attorney Docket # 1402/PVD/DV), the clamp ring may 
be eliminated. The chamber shield 106 also is prefera- 

10 bly formed of (diamagnetic) titanium or (non-ferromag- 
netic) stainless steel or (non-magnetic nickel), like the 
dark space shield 1 30. 

The vacuum chamber wall 108 has an upper annu- 
lar flange 150. The plasma chamber 100 is supported 

15 by an adapter ring assembly 152 which engages the 
vacuum chamber wall flange 150. The chamber shield 
106 has a horizontally extending outer flange member 
160 which is fastened by a plurality of fastener screws 
(not shown) to a horizontally extending flange member 

20 162 of the adapter ring assembly 152. The chamber 
shield 106 is grounded to the system ground through 
the adapter ring assembly 152. 

The dark space shield 1 30 also has an upper flange 
1 70 which is fastened to the horizontal flange 1 62 of the 

25 adapter ring assembly 1 52. The dark space shield 1 30, 
like the chamber shield 106, is grounded through the 
adapter ring assembly 152. 

The target 110 is generally disk-shaped and is also 
supported by the adapter ring assembly 152. However, 

30 the target 1 1 0 is negatively biased and therefore should 
be insulated from the adapter ring assembly 152 which 
is grounded. Accordingly, seated in a channel 176 
formed in the underside of the target 110 is a ceramic 
insulation ring assembly 172 which is also seated in a 

05 corresponding channel 174 in the upper side of the 
adapter ring assembly 152. The insulation ring assem- 
bly 172, which may be made of a variety of insulative 
materials including ceramics, spaces the target 110 
from the adapter ring assembly 152 so that the target 

to no may be adequately negatively biased. The target, 
adapter and ceramic ring assemblies are provided with 
O-ring sealing surfaces 178 to provide a vacuum tight 
assembly from the vacuum chamber flange 150 to the 
target 110. 

45 Although the illustrated embodiment of the present 
invention has been described primarily in connection 
with the deposition of titanium and titanium-nitrogen 
compounds such as titanium nitride, it should be appre- 
ciated that the deposition of any thin film material having 

50 a tendency to flake off of deposited surfaces would ben- 
efit from the use of coils or other surfaces conditioned 
in accordance with the present invention. 

The coil 104 of the illustrated embodiment is made 
of 2 inch by 1/8 inch heavy duty bead blasted solid h igh- 

55 purity ( preferably 9Q Q95% pu re) titapium o r copper rib- 
bon loimed Into a three turn helical coil having a diam- 
eter of 12-14 inches. However, other highly conductive 
materials and shapes may be utilized depending upon 
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the material being sputtere d and other factors. For ex- 
ample, the ribbon may be as thin as 1/16 inch and made 
of stainless steel. Als o, if the material to be sputtered is 
alu minum, both the target and the coil should be m ade 
of hi gh purity aluminum . Ma terial can be sputteredj rom 
the coil 3 04 at the same time that the same type o f ma- 
terial is sputtered frprn thfi tarppt nn tg jmpr n Y ft Hp p r> - 
sition u niformity as des cribed in EP-A-0807954, entitled 
"CoilsTor Generating a Plasma and for Sputtering". In 
addition to the ribbon shape illustrated, hollow tubing 
may be utilized, particularly if water cooling is desired. 

In some applications electromagnets may be pro- 
vided adjacent to the coil 104 but behind the shield 106 
to perform a function similar to that of the dark space 
shield 130 of the embodiment of Fig. 2. More specifical- 
ly, as described in EP-A-97308280.3, entitled "A Method 
to Eliminate Coil Sputtering in ICP Source," filed Octo- 
ber 17, 1 997, magnetic field lines from the magnets ac- 
tivated during target sputtering can magnetically shield 
the coil 104 to a limited extent from deposition material 
being ejected from the target 110. Still further, as men- 
tioned above, the magnetic field lines can deflect the 
energized electrons from the high density plasma away 
from the coil 104 and around the coil 104 to the ground- 
ed chamber shield 106. This prevents the energized 
electrons from lingering in the immediate vicinity of the 
coil 104 and ionizing precursor gas atoms and mole- 
cules that could sputter material from the coil 104 that 
could subsequently contaminate the substrate 112. 

In the embodiment discussed above, a multiple turn 
coil 1 04 is depicted, but, of course, a single turn coil may 
be used instead. Still further, instead of the ribbon shape 
coil 104 illustrated, each turn of the coil 104 may be im- 
plemented with a flat, openended annular ring as de- 
scribed in EP-A-0807954, entitled "Coils for Generating 
a Plasma and for Sputtering." 

Each of the embodiments discussed above utilized 
a single coil in the plasma chamber. It should be recog- 
nized that the present invention is applicable to plasma 
chambers having more than one RF powered coil or RF 
powered shields. For example, the present invention 
may be applied to multiple coil chambers for launching 
helicon waves of the type described in aforementioned 
copending application serial No. 08/55 9, 345, filed No- 
vember 15, 1995 and entitled "Method and Apparatus 
for Launching a Helicon Wave in a Plasma." 

The appropriate RF generators and matching cir- 
cuits are components well known to those skilled in the 
art. For example, an RF generator such as the ENI Gen- 
esis series which has the capability to "frequency hunt" 
for the best frequency match with the matching circuit 
and antenna is suitable. The frequency of the generator 
for generating the RF power to the coil 104 is preferably 
2 MHz but it is anticipated that the range can vary from, 
for example, 1 MHz to 4 MHz. An RF power setting of 
1.5 kW is preferred but a range of 1.5-5 kW is satisfac- 
tory. In addition, a DC power setting for biasing the target 
1 10 of 5 kW is preferred but a range of 2-10 kW and a 



pedestal 1 1 4 bias voltage of -30 volts DC is satisfactory. 
During conditioning of the coil, a ratio of coil RF power 
to target DC power in excess of 10 is preferred. 

In the illustrated embodiments above, the chamber 

5 shield 1 06 has a diameter of 1 6", but it is anticipated that 
satisfactory results can be obtained with a diameter in 
the range of 6 n -25". The shields may be fabricated from 
a variety of materials including insulative materials such 
as ceramics or quartz. However, the shield and all metal 

10 surfaces likely to be coated with the target material are 
preferably made of a material such as stainless steel or 
copper, unless made of the same material as the sput- 
tered target material. The material of the structure which 
will be coated should have a coefficient of thermal ex- 

is pansion which closely matches that of the material being 
sputtered to reduce flaking of sputtered material from 
the shield or other structure onto the wafer. In addition, 
the material to be coated should have good adhesion to 
the sputtered material. Thus for example if the deposited 

20 material is titanium, the preferred metal of the shields, 
brackets and other structures likely to be coated is bead 
blasted titanium. Any surfaces which are more likely to 
sputter, such as the end caps of the coil and feedthrough 
standoffs, would preferably be made of the same type 

25 of material as the target, such as high purity titanium, 
for example. Of cpurse. if the matQrfal \ n be deposit ed 
is amaterial other than titanium, the preferred metal is 
the jJeposited material, stainless steel, for exam ple. Ad- 
herence can also be improved by coating the structures 

30 with molybdenum prior to sputtering the target. Howev- 
er, it is preferred that the coil (or any other surface likely 
to sputter) not be coated with molybdenum or other ma- 
terials since the molybdenum can contaminate the 
workpiece if sputtered from the coil. 

35 The wafer to target space is preferably about 140 
mm (about 5.5"), but can range from about 1.5" to 8". 
For this wafer to target spacing, satisfactory stepped 
wafer bottom coverage has been achieved with a coil 
diameter of 1 1 .4 inches spaced from the target by a dis- 

40 tance of 1.9 inches. It has been found that increasing 
the diameter ol the coil which moves the coil away from 
the workpiece edge has an adverse effect on bottom 
coverage. On the other hand, decreasing the coil diam- 
eter to move the coil closer to the wafer edge can ad- 

45 versely effect layer uniformity. 

Deposition uniformity also appears to be a function 
of coil spacing from the target. As previously mentioned, 
a spacing of 1 .9 inches between the coil and target has 
been found satisfactory for a target to wafer spacing of 

50 1 40 mm. Moving the coil vertically either toward or away 
from the target (or wafer) can adversely effect deposi- 
tion layer uniformity. 

A variety of precursor gases may be utilized to gen- 
erate the plasma including Ar, H 2 , 0 2 or reactive gases 

55 such as NF 3 , CF 4 and many others. Various precursor 
gas pressures are suitable including pressures of 0.1 - 
50 mTorr. For ionized PVD, a pressure between 10 and 
100 mTorr is preferred for best ionization of sputtered 
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material. 

It will, of course, be understood that modifications 
of the present invention, in its various aspects, will be 
apparent to those skilled in the art, some being apparent 
only after study, others being matters of routine mechan- 5 
ical and electronic design. Other embodiments are also 
possible, their specific designs depending upon the par- 
ticular application. As such, the scope of the invention 
should not be limited by the particular embodiments 
herein described but should be defined only by the ap- M> 
pended claims and equivalents thereof. 



Claims 

75 

1. A process of conditioning a coil for energizing a 
plasma within a semiconductor fabrication system 
to sputter material from a target onto a workpiece, 
the process comprising: 

20 

applying RF power to said coil to ionize a pre- 
cursor gas; and 

sputtering said coil to remove contaminants 
from said coil. 

25 

2. A process of conditioning a coil for energizing a 
plasma within a semiconductor fabrication system 
to sputter material from a target onto a workpiece, 
the process comprising: 

30 

providing a precursor gas; and 
applying RF power to said coil to ionize said 
precursor gas to provide a net sputtering of said 
coil to remove contaminants from said coil. 

35 

3. The process of claim-2 further comprising applying 
biasing power to said target at a level which is low 
enough to ensure that any material sputtered from 
said target and deposited on said coil is resputtered 
from said coil during said RF power applying step. 40 

4. The process of claim 3 wherein the ratio of coil RF 
power to target biasing power is greater than 10, 

5. The process of claim 3 wherein said coil RF power 45 
is in the range of 0.1-10 kilowatts and said target 
biasing power is in the range of 0 to 500 watts. 



from said coil; 

sputtering said target to sputter target material 
toward a workpiece after said contaminants are 
sputtered from said coil; and 
applying a second RF power to said coil to en- 
ergize a plasma to ionize said sputtered target 
material before it is deposited onto said work- 
piece. 

8. The process of claim 7 further comprising applying 
biasing power to said target during said coil sput- 
tering step at a level which is low enough to ensure 
that any material sputtered from said target and de- 
posited on said coil is resputtered from said coil dur- 
ing said coil sputtering step. 

9. The process of claim 8 wherein the ratio of said first 
coil RF power to target biasing power is greater than 
10. 

10. The process of claim 8 wherein said first coil RF 
power is in the range of 0.1-10 kilowatts and said 
target biasing power is in the range of 0 to 500 watts. 

11. The process of claim 8 wherein said first coil RF 
power is approximately 1500 watts and said target 
biasing power is approximately 100 watts. 

12. An apparatus for energizing a plasma within a sem- 
iconductor fabrication system to sputter material 
onto a workpiece, the apparatus comprising: 

a semiconductor fabrication chamber having a 
plasma generation area within said chamber; 
and 

a coil carried by said chamber and positioned 
to couple energy into said plasma generation 
area, said coil having a sputtered surface sub- 
stantially free of contaminants. 

13. The apparatus of claim 12 including a target includ-j 
ing titanium, wherein said colfirau^eTTItaTrrarT^ — 



14. The apparatus of claim 1 2 incl uding a target inclu d- 
ing aluminum, wherein said coil includes aluminum. 



6. The process of claim 5 wherein said coil RF power 

is approximately 1 500 watts and said target biasing so 
power is approximately 100 watts. 

7. A process for sputtering material from a target onto 
a workpiece, said process comprising: 

55 

applying a first RF power to a coil to ionize a 

precursor gas to form a plasma; 

sputtering said coil to remove contaminants 
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Step i 


Step 2 


Step 3A 


Step 3B 


Max Step Time 


18.0 seconds 


30.0 seconds 


15.0 seconds 


30.0 sec 


Gate Valve Pos. 


Mid 


Mid 


Full 


Mid 


DC Target 
Power 


0 watts 


100 watts 


0 watts 


5000 watts 


RF Coil Power 


0 watts 


1500 watts 


0 watts 


1500 watts 


Gas Flow Rate 


62 scc/min. 


62 scc/min. 


Pump out 


62 scc/min. 



Fig. 4 



